Introduction
Co2(CO)8 has proved a key m aterial for the preparation o f a variety o f cobalt carbonyl com plexes. Although most o f its reactions involve oxi dation, reduction, disproportionation or substitu tion [2] , addition reactions are scarce. M oreover, Co2(CO)8 is one of the few com pounds to form ad dition products with strong Lewis acids such as AlBr3 [3] . The acid adds to the oxygen atom of a bridging carbonyl group.
In our studies on the chemistry of (9-fluorenylidene)(2,2,6,6-tetramethylpiperidino)borane
(1) (hereafter abbreviated as tmpB = C R 2) as a transi tion metal-complex ligand, we have synthesized m ononuclear complexes o f the type Fe(CO)4 (?7 2-tmpB = C R 2) [4] , Fe(CO)3(>74-tmpB = C R 2) [5] , or Fe(CO)3(?72-tmpB = C R 2)L [5, 6] . In a similar way, it was anticipated that binuclear metal car bonyls would also react with 1 to yield products analogous to those obtained from C o2(CO)8 and unsaturated com pounds such as C F 2= C F 2, e .g . (CO)4Co(C F2)2Co(CO)4 [7] , However, we have ob served a completely different behaviour to be reported here.
Experimental
All experimental m anipulations were carried out either in high vacuum or in an oxygen free ni trogen atm osphere using Schlenk techniques. Sol vents were carefully dried and stored under dini trogen. Co2(CO)8 obtained from Aldrich was used * R eprint requests to Prof. D r. H . N ö th .
Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776/90/0600-0828/$ 01.00/0 as supplied. The ligand, tm pB =C R 2, was prepared by the reported procedure [8, 9] , N M R spectra were recorded on a JEOL F X 90Q ('H) or a BRU-K ER AC 200 spectrometer (n B, 13C) using inter nal CDC13 ('H , 13C), internal C D 2C12 (low tem per ature 13C) and external BF3 O Et2 (n B) as stand ards. IR spectra were recorded on a Varian F T -IR spectrometer in Nujol and in CCl4-solution. Mass spectra were recorded on an Atlas CH 7-spectro meter. Elemental analysis was supplied by the In stitute's M icroanalytical Laboratory.
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[ji-C arbonyl-bis( tricarbonyl-cobalt) ]-2'-(2" ,2" ,6" ,6"-tetramethylpiperidino ) spiro (fluorene-9,3)-l,2-oxaboretane (2) Co2(CO)8 (1.41 g, 4.12 mmol) and 1 (1.18 g, 3. 75 mmol) were stirred together in 40 ml o f tol uene for 8h. After filtration of the reaction mix ture, the filtrate was reduced in volume to ~ 20 ml, layered with 20 ml of pentane and kept at -2 0 °C overnight. A yellow orange, crystalline product has then been formed which was isolated by filtra tion, washed with pentane and dried in vacuum. Yield: 1.8 Fig. 1 ): C 1 not observed due to quadrupolar broadening, 16.5 (C 3'); 32.3 (C 6 '-C 9 '); 39.2, 39. 
X-ray structure determination o f 2
A Syntex R 3 four circle autom ated diffractome ter operating with a graphite m onochrom ator and M o -K a-radiation (A = 0.71069 Ä) has been used for determ ining cell param eters and for data col lection at 22 °C, and the SHELXTL programs for structure solution and refinement. Crystallographic data and details of the X-ray crystal structure determ ination [10] on the title complex are sum marized in Table I , atomic coordinates o f the non hydrogen atom s o f 2 in Table II . 1945 (4) 3449 (3) 2088 (2) 42(1) C (2) 610 (4) 3790 (3) 1669 (2) 49(1) C(3) -332 (5) 4614 (5) 1922 (3) 66(2) C(4) - 1 5 4 0 (6 ) 4700 (6) 1442 (3) 92(2) C (5) -1 7 5 4 (7 ) 4017 (7) 702 (4) 108(3) C (6) -813 (6) 3238 (6) 425 (3) 91(2) C (7) 402 (5) 3112 (4) 907 (2) 60(1) C (8) 1593 (5) 2400 (4) 773 (2) 62(1) C (9) 1931 (7) 1605 (6) 109 (3) 89(2) C (10) 3175 (9) 1079 (7) 141 (3) 108(3) C ( ll )
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In the " B-NM R spectrum o f 2 a signal is ob served at 36.5 ppm which is significantly different from the value found for other transition metal bora-olefin complexes (<5"B: 59(± 1) ppm) but this corresponds well with the n B shift o f oxaboretane systems synthesized directly from 1 and ketones viz. benzophenone (S = 35.8 ppm) [8] , acetone (<5 = 35.8 ppm) [11] and also CpFe(CO)2C O C H 3 (S = 37.2 ppm) [12] . The 'H N M R spectrum of 2 exhib its two signals for methyl protons in addition to broad multiplets for methylene and arom atic pro tons indicating hindered rotation around the B -N bond. The IR spectra in Nujol and CC14 show four strong absorptions in the carbonyl region due to terminal carbonyl groups. A band at 1848 c m '1 is assigned to the remaining bridging carbonyl group [13] . The absence of the u(N = B = C) band at 1718 cm "1 [9] indicates that the B = C-bond of 1 is in volved in complex formation.
At ambient tem perature the 13C N M R spectrum of 2 exhibits six signals in the aliphatic region and six signals in the arom atic region indicating the presence of a m irror plane for the fluorene ring. In contrast to the two signals observed for methyl protons in the 'H N M R spectrum, only one signal is found for all methyl carbons. In the arom atic re gion, although all the signals are significantly de shielded relative to 1, the signals due to C 3 -C 5 and C 1 0 -C 1 2 appear in a very narrow range, namely 127.4-127.8 ppm. This is quite surprising. On the other hand, only one broad signal is ob served for the carbonyl carbon atom s at 201.8 ppm. The I3C N M R spectrum at 210K, however, exhibits four resonances in the carbonyl region. This proves rapid exchange of the terminal CO groups in the realm of the N M R time scale at am bient temperature. The signal at <513C = 232.5 can be assigned to a bridging carbonyl carbon atom [14] , but an unambiguous assignment to each of the terminal carbonyl carbons, which are observed as three signals, is not possible. The coordinated bridging carbonyl carbon is found at ö = 76.9 ppm which is masked by the CDC13 signals at room temperature. The drastic shift of this bridging car bonyl carbon atom from 232.5 ppm in C o2(CO)8 to 76.9 ppm in the oxaboretane 2 can be explained on the basis of change in hybridization.
Although N M R data are consistent with the ox aboretane form ation they give no inform ation on the ring conform ation in 2. Therefore, an X-ray structure analysis of 2 was performed. The result is shown in Fig. 1 . Selected bond lengths and bond angles are given in Table III . Because of the close resemblance of 2 with that of metal free oxabore tane systems, comparison of the param eters for the four membered ring are given in Table IV . The m ost notable feature is the remarkable similarity in all the comparable bond lengths and -to a smaller extent -bond angles. Existence o f small differences in bond lengths may be due to the vari ation of substituents on the previous ketonic car bon atom. The B -C bond length has increased in 2 by 0.209 Ä relative to starting m aterial 1 [9] , Consistent with the 'H N M R spectrum, the ob- (1) Ä is significantly shorter than the mean C o -C o distances reported for the binuclear com plexes Co2(^5-C5H 5)^-P P h ,) 2 (2.56 Ä) [16] , Co,(CO)8 (2.57 Ä) [17] , ' Co2(CO)6(>,4-C4H4) (2.673(1) Ä) [18] and Co2(CO)s(PPh3)(//-P,) (2.594(3) A) [19] . However, the value falls within the range o f 2 .4-2.7 Ä found in polynuclear co balt carbonyl complexes, e.g. C 0 4(C 0 )12 (2.49 A) [20] . The bridging C o -C distance has a mean val ue of 1.932 A com parable with the 1.92 A in Co2(CO)8, but the other bridge C o -C 14 distance is 0.081 Ä longer. Some irregularities are found in the terminal metal carbonyl distances. Thus, the mean Co 1 -CO bond distance (1.815 Ä) is slightly shorter than the average C o 2 -C O bond length of 1.829 A. While this is almost insignificant it is quite clear that these bonds are definitely longer than those found in Co2(CO)8 (1.793 Ä) indicating reduced electron density at the cobalt atoms.
A set of data for 1,2-oxaboretanes ist presented in Table IV . It shows that the B -O bond lenghts are identical within experimental errors. The same holds for the ring B -C bonds. However, the ring's C -C and C -O bonds vary to some extent, both being shortest in 2. This may be due to less steric hindrance in 2 as com pared with the oxaboretanes A and B which are obtained from 1 and benzo phenone or cyclopentadienyl(acetyl)iron dicar bonyl. While the sum o f the ring bond angles is 360° in 2 and A, rendering the oxaboretane ring planar, this ring is slightly folded in B. Obviously, subtle steric effects are sufficient to influence the ring geometry.
The [2 + 2]-cycloaddition o f Co2(CO)8 with 1 is an example of a metal mediated activation of CO. Hydrolysis of 2 is expected to produce 9-hydroxymethylfluorene, a m ethanol derivative. However, if 1 was reacted with C o2(CO)8 in boiling hexane, a 1,2,4-oxadiboretane R 2C -(tm p -B )-0 -Btmp is formed in low yield as the only character ized product: It can be anticipated, that 2 reacts under these conditions with 1 by transfer o f the tmpB = 0 group to 1 in a kind of pseudocycloaddition reaction.
So far, we have found no other metal carbonyl having bridging CO groups to react in the same way as does Co2(CO) 8 . The closest resemblance to the present result is the 1,3-dipolar addition of diazaallenes across a bridging CO group in Cp2 R h2(CO)[CF3C = C C F :i] as observed by Dick son et al. [21] .
